Abstract-For participants of diabetes prevention programs, we consider that it is effective to record vital signs, such as weight and blood pressure, and to receive instruction based on such readings during the follow-up period in order to avoid rebound.
I. INTRODUCTION
In 2000, the Japanese government launched the project "Healthy Japan 21" aiming at extending healthy life ex pectancy and improving quality of life by preventing lifestyle related diseases. Moreover, a specific medical examination for the prevention of metabolic syndrome accompanied by specific health guidance was also started from April 2008. Among lifestyle-related diseases, diabetes, which has few subjective symptoms, is thought to have a prevalence of one in five adults. Diabetes and other lifestyle-related diseases can be prevented by improving lifestyle, and the development of suitable teaching programs is therefore urgently needed.
Since 2005, Osaka Prefecture University and Habikino city government have run a Diabetes Prevention Program as a joint enterprise. This six-month program provides individual and group counseling covering the three areas of "nutrition", "exercise", and "oral care", all of which are important to help diabetics manage their condition. The program has been confirmed to be effective for increasing muscle bulk, decreas ing Hemoglobin Alc (HbAlc) levels, and improving oral hygiene [1] [2] [3] [4] [5] . However, once participants have completed the diabetic prevention program, there is currently no follow-up study monitoring any changes to their condition. In general, economic restrictions on human resources mean that such educational programs can be provided in the short term only and the rebound phenomenon is frequently seen among par ticipants after the program ends. It is therefore important that Nobuyoshi Ando Business Incubation Division, Hitachi Ltd. 1-6-6 Marunouchi, Chiyoda-ku, To kyo, Japan Email: nobuyoshi.ando.kb@hitachi.com participants continue the lifestyle changes they adopted during the program over as long a period of time as possible [6] . As a means to support participants in continuing such management of their condition from at home, information technologies, such as the personal computer and the Internet, have attracted attention, and research and development of various IT systems is ongoing [7] . Information devices such as personal computers and cellular phones can handle multimedia information not only in text and numeric form but also in image and video form. The use of such devices can be effective in self management because they can be used remotely and at any time. However, many people cannot sufficiently master the use of such devices. Among the middle-aged and elderly, who especially need to be taught about lifestyle-related diseases, there are still barriers, such as cost, to them using such technologies. As such, it cannot be said that any support system developed that requires the direct use of a personal computer or the Internet has high flexibility [8] . Moreover, even among the younger generation who can sufficiently master the Internet, using a system which requires the input of weight and dietary data every day exerts a heavy burden [9] .
Given this background, in this study we aimed at developing a system which collects follow-up data of the participant after the diabetes prevention program has ended but which places no burden on the user, in order to perform an evaluation of their progress. We built a home network based on ZigBee [10] , and introduced a sensor information web service which can collect information obtained from home sensors via the Internet. In this way, the user need only take measurement data every day using a body composition scale and a sphygmomanometer, and the measurement data is automatically uploaded to a server. We proposed using this system in the follow up of participants who had completed a diabetes prevention pro gram. Therefore, as a pre-implementation step with the aim clarifying the considerations and requirements necessary at the time of introducing such a home network device, we explained and demonstrated the proposed system to the participants and collected their opinions about possible future use by questionnaire.
The remainder of this paper is organized as follows. We present an outline of the diabetes prevention program in
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.... Section 2, and explain the sensor information web service system developed and describe a forthcoming evaluation study in Section 3. We analyze the questionnaire results collected from the participants of the present study in Section 4, and present our conclusions and considerations for future study in Section 5.
II. OUTLINE OF THE DIABETES PREVENTION PROGRAM
The diabetes prevention program called "Health Challenge Grand Strategy" has been run jointly by Osaka Prefecture University and Habikino city government since 2005. This enterprise is undertaken with the help of the Osaka insurer conference, with the School of Comprehensive Rehabilitation of Osaka Prefecture University and Habikino city government taking the lead. Cooperation is also provided by, for example, the Habikino Medical Association, the Habikino Dentists Association, and the Home Dietetic Association.
In 2008, the program was started with 53 participants and ran from June through November. Entry criteria to the program was having a HbAlc level between 5.2-6.1 % and not receiving treatment for diabetes. It is considered that HbA I c reflects the average blood sugar level for the past one to three months, and is therefore used as a marker for diagnosis as well as for ongoing status, and a level of not less than 5.2% is stated in specific health guidelines. The outline of the program's schedule in the current fiscal year is shown in Table I . The program is being carried out at Habikino Health Center and an Osaka Prefecture University Habikino campus facility.
III. DIABETES PREVENTION PROGRAM SUPPORT USING A SENSOR INFORMATION WEB SERVICE
In recent years, with the miniaturization of communication devices and sensors, a home network can now be realized, and research and development involving highly computerized "smart homes" [11] is under way. The wireless communication system ZigBee is recognized as the standard technology for realizing such home networks. ZigBee offers a low-cost and a low-power consuming wireless system which is based on the IEEE 802.15.4 standard. It is possible to build home networks which carry out sensing of various information in the home environment through ZigBee. Various applications can be considered for home networks, including security, health care support [12, 13] and home energy management systems (HEMS) [14] .
The sensor information web service is considered a suitable means for realizing such a home network. The components of this service are shown in Fig. I . The data obtained by various kinds of sensors and apparatus is transmitted through a wireless network based on ZigBee to the sensor gateway. A prototype of the sensor gateway is shown in Fig. 2 . The gateway has a DHCP client function and setup is completed simply by accessing the Internet via a LAN cable. Since the system is very small, it takes up very little space at home. The sensor gateway transmits the collected data to the sensor information center via the Internet and the data is then stored on a server installed in the center. The sensor information accumulated at the center can be provided in various forms according to the demands of the application, or the needs of the service or end user.
Since data collection without the need to input data directly via a PC is made possible by using the sensor information web service, the burden on the user is eased dramatically when compared to the use a conventional data collection system which needs PC input. As shown in Fig. 3 . The user need only stand on the body composition meter once a day. This means that there is no difference in the time and effort taken for usual self-management measurements when using the proposed system. The staff responsible for monitoring the participant's follow up will decide how the data is viewed or explained to the participant. For example, if the participant uses a PC, then a graph of weight measurements can be viewed via the Internet or a comment from staff can be read. Moreover, not only sensor information can be collected during follow up, but also other health information such as diet and exercise can be input via the Internet. Input via a cellular phone is also possible. For those users who do not wish to or cannot use such communication devices, follow up can instead be done by telephone or mail with the data then being input by the staff responsible for follow up.
IV. QUESTIONNAIRE TO DETERMINE IMPRESSIONS OF POSSIBLE SYSTEM USE BY PROGRAM PA RTICIPANTS
Using a questionnaire survey, we investigated the con sciousness to use the proposed follow-up system among the 53 participants (11 men, 42 women; mean age [standard deviation] 63.6 years [4.6 years]) who had completed the diabetes prevention program, after first explaining to them the outline and the usage of the follow-up system based on the sensor information web service. We also investigated their Internet environment and current use of a PC or cellular phone. The results revealed that 71 % of participants had a PC at home, although only 44% of participants had actual access to the Internet; 39% reported they could not use the Internet and 17% reported they were unsure whether they could use the Internet or not. The possession rate of a cellular phone was 67%; 75% of these users had e-mail function on their cellular phone. However, none of the participants were using the web access function of their cellular phone.
The questionnaire results about the interest to the follow-up service are shown in Fig. 4 . Although 31 % of the program participants answered that they were interested in a follow up system, only 19% answered that he or she would actually like to use one. The reasons given for not wishing to use the follow-up system are shown in Table II . As an advantage of the proposed system, the fact that a PC is not required for daily data collection was mentioned. However, most reasons given were "I do not use a Pc." This response suggests that most elderly people believe the Internet is indivisible from a Pc. Based on this finding, we consider that people who cannot use a PC will also believe they cannot use a system which uses only the Internet as the communication medium. Therefore, in order to disseminate the use of our proposed system, it is necessary to provide sufficient explanation during the diabetes prevention program to elderly participants in order to change any misunderstanding about system use.
Moreover, very few elderly people who use a PC and the Internet daily actually connect up the devices or set up a net work themselves. In many cases, staff from a computer store, a network contractor or a young family member completes such tasks. The system we propose in this research needs to connect a gateway to the network in each house, but it is clearly difficult for many potential system users not to be able to complete this themselves or explain it sufficiently to family members. Even in the case of connecting only a LAN cable to begin operation, it is important that the system is explained directly to those who will complete the connection and set up the devices. 
V. CONCLUSIONS AND FUTURE WORK
In this research, we proposed a health care support system using a sensor information web service based on ZigBee for the follow up of participants of a diabetes prevention program, and carried out a questionnaire survey among the participants about their awareness and understanding of follow up and impressions of potential use of the system. It became clear that a number of obstacles concerning the living environment of elderly people need to be addressed to ensure suitable implementation of the proposed system. The solutions we consider necessary are as follows.
1) The participants themselves could learn the skills re quired to perform the set up of the devices. Such training could be provided in a lecture specifically on how to introduce the system at home. However, we note that many elderly people are not interested in the Internet or PC (Fig. 5) and may have limited interest in such a lecture and motivation to attend might be low. 2) The Internetwork environment currently available in the user's home would not used by the system but instead a gateway would connect to the Internet via a mobile access router. Alternatively, the gateway itself would have a public wireless or 3G connection function. A system improvement of this kind would make the introduction of this system easy and the user could begin using the system immediately only by taking the devices home. However, in this case, there is the drawback of a cost of a telecommunication line associated with such usage.
3) The proposed follow-up system could be introduced not as an independent service but as a part of a service to elderly people using a full sensor information web service. In other words, we would position the follow up system as an additional service to the home in which the gateway is already installed in order to use other applications, such as energy saving and security applications. However, in this case, there is a drawback in that those who can use this system will be limited.
Irrespective of the solutions posited above, the most impor tant concern for users is the starting and ongoing expense of system usage [15, 16] . From an economical viewpoint, we are now examining what kind of method would be most suitable for making the system used in a widespread manner. We are also examining a concrete method of providing dietary advice to system users, aiming at clarifying the content and frequency of advice which will be effective for successful follow-up.
